Abstrak
Obesity has become an epidemic throughout the world and poses signifi cant health and economic burden to both developed and developing societies. Globally, the World Health Organization estimates that a billion of adults have a body mass index greater than 25 kg/m 2 and 300 million are obese with BMI over 30 kg/m 2 . Recent study by Himpunan Studi Obesitas Indonesia Indonesian (Association of Obesity Study) on more than 6.000 subjects has shown that the prevalence of obesity was increased, 9.16% in men and 11.02% in women. The incidence will increase and can be a serious problem 20 years from now if obesity is not treated properly. The best way to diagnose obesity in clinical practice is to measure waist circumference. Diagnosing obesity is of great importance as excess in abdominal fat is tightly associated with metabolic risk factors. Atherogenic dyslipidemia is a constellation of metabolic risk factors that consist of: elevated triglycerides and small dense lowdensity lipoprotein (sdLDL) particles, plus low high-density lipoprotein (HDL)-cholesterol . 1, 2 Much of the recent work on obesity has highlighted the key role of adipose tissue as an endocrine organ that secretes a number of factors that mediate many of the vascular and metabolic complications of adiposity. The precise relationship between dyslipoproteinemia and adiposity are complex and undefi ned. Adipose tissue has recently been shown to secrete a variety of bioactive peptides, called adipocytokines that can potentially impact on glucose and lipid metabolism. These adipocytokines include adiponectin, leptin, resistin, interleukin-6 (IL-6), and tumor necrosis factor α (TNF-α). 3, 4 Adiponectin circulates in the blood as several oligomeric complexes, including trimer (low molecular weight, LMW), hexamer (medium molecular weight, MMW) or multimer (high molecular weight, HMW) forms, and the HMW form has been reported to be the most active form of this hormone. There are very little data that assess the metabolic signifi cance of adiponectin multimeric forms. There was one recent article that showed that administration of HMW but not LMW adiponectin lowered blood glucose concentration in mice. In contrast, other studies have shown that MMW (hexamer) and HMW adiponectin are equally effective in activating nuclear factor-κB and that both adiponectin monomer and trimer are capable of stimulating adenosine monophosphateactivated protein kinase (AMPK) whereas LMW and HMW adiponectin produce no effect. 5, 6 Leptin, an appetite-regulating hormone, circulates both in free form and bound to macromolecules. A study on the percentage of bound and free leptin has indicated that a signifi cantly greater proportion of total leptin circulates in the bound form in lean compared with obese subjects. Interestingly one of the isoforms of the leptin receptor is a putative soluble leptin receptor (sOB-R) that could act as a binding protein. The sOB-R plays an important role in the pathophysiology of energy homeostasis in rodents and humans. Thus, understanding the regulation of circulating sOB-R and free leptin in humans may have important physiological and therapeutic implications for human obesity and eating disorders. 7, 8 Adiponectin, one of the adipokine, has shown to be an important marker for metabolic disorders and the expression is reduced in obese mice or humans. In obesity, the levels of leptin are increased but the levels of sOB-R are decreased compared to the lean control.
Reduction of body weight through diet or surgical procedures signifi cantly increases the concentration of circulating sOB-R and, thus, increases the fraction of bound leptin. Thus, sOB-R might act as modulating factor of leptin action and plays an important role in leptin resistance. Nevertheless, levels of sOB-R can provide the information of free leptin; the free leptin index (FLI) is defi ned as the ratio of leptin to sOB-R, which may be a more accurate determinant of leptin function. 9, 10, 11 We therefore investigated the relationship between adiponectin oligomers, free leptin index with atherogenic dyslipidemia.
METHODS
This is a cross-sectional study that which conducted to observe the correlation between HMW, MMW and LMW adiponectin, and free leptin index with the atherogenic dyslipidemia. 
Study population
A total of 120 males, aged 30 -60 years old, who were apparently healthy, having central obesity (waist circumference > 90 cm), normal blood pressure, and willing to follow the study protocol, were considered eligible to be included in the study. Subjects were recruited from Cikarang and Prodia clinical laboratories in Jakarta. Those who are consuming steroids; or had been treated with anti-infl ammatory drugs, statin or thiazolidinedione for at least 3 weeks; or had diabetes mellitus, liver dysfunction, kidney dysfunction, hypertension, or fever were excluded from this study.
Anthropometric measurement
Body weight (BW) was measured in kilograms to the nearest 0.1 kg, with light clothes on, using a beam scale Tanita. Height (Ht) was measured in centimeters to the nearest 0.1 cm, in standing position, using a microtois (stature meter). Waist circumference was measured in centimeters to the nearest 0.1 cm, using a fl exible nonelastic tape made by Roche (Roche, Switzerland). Waist circumference was measured at the midway region between the lowest rib margin and the iliac crest, in standing position with abdomen relaxed, feet together and weight equally divided over both legs.
Blood pressure measurement
Blood pressure was measured using a sphygmomanometer (Riester). Subjects were seated for at least 5 minutes before the measurement. The fi rst and fi fth Korotkoff sounds were taken as systolic and diastolic blood pressure, respectively.
Biochemical assessments
A blood sample was collected from each subject after 12-14 hours overnight fasting in plain tubes. Serum was separated immediately by centrifugation and aliquots were frozen at -20 0 C for subsequent batched analyses of various adiponectins, leptin, and soluble leptin receptor. The various adiponectins were determined using enzyme-linked immunosorbent assay (ELISA) method (Sekisui Medical Co Ltd, Japan). Total adiponectin, HMW adiponectin and combined MMW and HMW adiponectin were directly measured. The concentration of MMW adiponectin can be calculated by subtracting the concentration of HMW adiponectin from combined concentration of HMW and MMW adiponectin. The concentration of LMW adiponectin can be calculated by subtracting the combined concentration of MMW adiponectin plus HMW adiponectin from the concentration of total adiponectin. Leptin and sOB-R were measured with enzyme immunoassay using Quantikine (R&D Systems Inc, USA). Liver function was considered normal based on serum alanine amino transferase (ALT), aspartate amino transferase (AST) that were determined using the International Federation of Clinical Chemistry (IFCC) method and reagent manufactured by Roche (Mannheim, Germany), and creatinine was determined by enzymatic techniques using reagents manufactured by Roche (Mannheim, Germany). The hexokinase method was used to determine fasting blood glucose, using reagents manufactured by Roche (Mannheim, Germany). Homogenous method was used to determine HDL-cholesterol, using reagents manufactured by Daiichi Tokyo-Japan. Triglyceride in blood serum sample was measured by GPO-PAP method using reagents manufactured by Roche (Mannheim, Germany). Apo B in blood serum sample was measured by immunoturbidimetric method using reagents manufactured by Bayer.
By determining the concentration of plasma apo B, we could determine the amount of sdLDL particles, using the ratio of LDL cholesterol/apoB (LDL cholesterol concentration was measured with direct method), the ratio of LDL cholesterol/apoB <1.2, indicated sdLDL in the circulation. Free leptin index was defi ned as the ratio of leptin to sOB-R. Atherogenic dyslipidemia was defi ned as the concomitant presence of triglycerides > 150 mg/dL, HDL-cholesterol < 40 mg/dL, LDL-cholesterol/ apo B < 1.2.
Data analysis
Statistical analyses were performed using SPSS for windows 13.0 (SPSS Inc., Chicago, IL, USA). Distributions of continuous variables were assessed for normality using the Kolmogorov-Smirnov test. For continuous variables with normal distribution such as anthropometric and biochemical measures, data were presented as mean + SD. The association between various measures i.e. multimeric adiponectin and free leptin index with atherogenic lipids were analyzed. The analysis was done with Pearson correlation when the data were normally distributed and Spearman's rho correlation when the data were not normally distributed. All tests were considered signifi cant at p < 0.05. Further, the interaction of all indicators with the occurrence of atherogenic dyslipidemia was analyzed using binary logistic regression analysis, in order to assess odds ratio (OR) for the risk of atherogenic dyslipidemia.
RESULTS
This study was carried out exclusively on male subjects to prevent any biases regarding hormonal effects found on female subjects. Table 1 showed general description of subjects' baseline characteristics.
Data grouping of low and high concentration of total adiponectin was based on previous study by Ebinuma et al. with cut off value 2.54 μg/mL, HMW adiponectin 0.60 μg/mL, MMW adiponectin 0.77 μg/mL, LMW adiponectin 1.17 μg/mL. 12 Cut off value of leptin, sOB-R and FLI were based on their median to group them into lower and higher concentration groups. Table 2 . Logistic regression analysis of HMW adiponectin, MMW adiponectin, LMW adiponectin and free leptin index with atherogenic dyslipidemia HMW = high molecular weight, MMW = medium molecular weight, LMW = low molecular weight; FLI = free leptin index VLDL-triglyceride pool and enhances cholesteryl ester transfer protein (CETP)-mediated heteroexchange of neutral lipids among lipoproteins, leading to increased HDL-triglyceride concentration. Accordingly, lower adiponectin levels may enhance the catabolism of HDL-apoA-I by an increase in the lipolysis of HDLtriglyceride (owing to increased hepatic lipase activity) and the dissociation of apoA-I from the HDL particles. The hypercatabolism of apoA-I may have a more dominant effect on HDL concentration. 13 We also found in this study that there was very weak, but signifi cant positive correlation between HDLcholesterol with HMW adiponectin, which suggests that the relationship between adiponectin and HDLcholesterol is primarily driven by HMW adiponectin rather than total adiponectin. The HDL-cholesterol is basically generated from lipid-free apolipoprotein A-I or lipid-poor preβ-1-HDL as precursors. These precursors are partially produced by the liver, and it is well known that adiponectin oligomers specifi cally affect liver metabolism. 14 We also found in this study, that there was no correlation between HMW adiponectin with sdLDL, indicating that HMW adiponectin did not infl uence sdLDL directly.
Increased central fat accumulation is considered a key pathophysiological feature of the atherogenic dyslipidemia. The risk of atherogenic dyslipidemia was highlighted in the present study by multivariate analysis. We performed logistic regression in order to asses the possible independent associations between atherogenic dyslipidemia with oligomeric adiponectin and free leptin index.
The results showed that HMW adiponectin had negative correlation with atherogenic dyslipidemia. It is apparent that the risk of subject with HMW adiponectin < 0.60 μg/mL to develop atherogenic dyslipidemia was 3.62 times those with HMW adiponectin > 0.60 μg/mL. We found no correlation between MMW adiponectin and LMW adiponectin with atherogenic dyslipidemia. Regulation of oligomeric complex formation of adiponectin is recognized as an important mechanism modulating the biological functions of these adipokines and might improve their protective properties. From studies in mice, which we get much of our understanding, it appears that once in the circulation, adiponectin oligomers are extremely stable and do not undergo exchange from one form to another, even in the face of an insulin or glucose challenge. Pajvani UBX et al 16 said, circulating HMW adiponectin has a longer half-life than LMW adiponectin (9 vs. 4.5 h) although HMW multimers may be cleared more rapidly than LMW adiponectin following metabolic challenges.
A recombinant form of adiponectin that is unable to form oligomers larger than trimers and is sensitive to proteolytic cleavage following secretion appears to be more biologically active than HMW adiponectin and subject to more rapid clearance from the circulation. Together with the above observations that suggest an important role for HMW adiponectin in insulin sensitivity, these fi ndings have led to the proposal that in response to metabolic challenge, HMW adiponectin may be converted to a biologically active form, through reduction and proteolytic cleavage. 15 One possible explanation of the underlying mechanisms may be the higher affi nity of HMW adiponectin to collagen in the vascular wall, compared to LMW or MMW forms, thus possibly exerting better repair on injured vessels. 16 The data obtained from this study revealed that there was a positive correlation between FLI and atherogenic dyslipidemia among the central obese men. Leptin circulates not only in its free form, but also in a complexed form with the sOB-R. The sOB-R is the main leptin binding protein and the association between the serum leptin and sOB-R provides a measure of the FLI, which is a more accurate determinant of leptin function. The sOB-R may act as a negative regulator of leptin activity and it may maintain a pool of available bioactive leptin by binding and delay its clearance from the circulation. It has been suggested that in obese men the majority of leptin circulates in free form presumably bioactive protein and thus obese men are resistant to free leptin. The reduction in sOB-R concentrations in obese men may refl ect down regulation of hypothalamic leptin receptor production as a result of an increase in the circulating leptin and might be an important factor in leptin resistance. According to Kratzsch et al., 17 the average binding affi nity of the sOB-R for leptin is in the same range as the binding affi nity of leptin for its membrane receptor, the soluble form is capable of modulating leptin's action. This modulation may occur via different mechanisms. First, excess of sOB-R may inhibit leptin binding to membrane receptors by competing directly with its ligand. Second, the sOB-R may remarkably delay the clearance of leptin by binding leptin. The latter has been proven in rats, where the halflife of leptin-sOB-R complexes is almost 20-fold longer compared with that of the free hormone. If we hypothesize that the FLI indeed refl ects the level of free leptin, then it is assumable that sOB-R modulates the function of leptin. 17, 18 In conclusion, our study showed that low HMW adiponectin and elevated FLI might contribute to atherogenic dyslipidemia in central obese non-diabetic males. Therefore, measurement of HMW adiponectin serum concentration and FLI will be useful in predicting the risk of atherogenic dyslipidemia in central obese non-diabetic patients.
